The annealing process of plastically deformed RbJ-and KJ-single crystals has been studied by means of NMR wide line and spin echo measurements on J 127 . The mean lattice strain produced by the deformation is correlated with a mean quadrupole perturbation affecting the NMR signal. Resulting from second order quadrupole effects, the wide line measurements lead to a recovery temperature, which is much lower than the "real" recovery temperature given by the spin echo method. Nevertheless the evaluation of both types of measurements results in the same effective activation energy depending on the degree of deformation. The obtained values are probably caused by the migration of positive ion vacancies.
I. Introduction
In a rigid cubic lattice, the shape of the NMR signal of nuclei with spin />l/2 is determined by the magnetic dipole interaction between neighbouring spins and the electric quadrupole interaction between the quadrupole moment Q of the resonant nuclei and the gradient of an electric field (EFG) at their sites.
Since the EFG is caused only by defects in the lattice destroying the cubic point symmetry around the defects, the mean quadrupole perturbation of the NMR signal is correlated with the mean distortion of the lattice x . The mean lattice distortion in a non-metallic cubic crystal is mainly due to the mean elastic strain fields of the dislocations produced by the deformation process. Therefore NMR is a good tool for studying the rearrangement of the dislocations during the annealing process, which results in a loss of elastic strain. In spite of that fact there exist only a few wide line measurements, i. e. OH-KURA 2 on KBr 79 , OTSUKA 3 on KJ 127 and HÖHNE 4 on AgBr 79 which lead to a recovery temperature much lower than the real recovery temperature which is determined from the recovery of the bulk density, the microhardness and of the flow stress 5 . It will be shown that this discrepancy resulting from second order quadrupole effects vanishes in the case of spin echo measurements.
An evaluation of the annealing measurements according to MEECHAN activation energy for the recovery process, which is independent of the method used if the measured quantity is single valued and monotonic in the mean elastic strain. This is the case in both, the wide line and the spin echo method.
II. Theory
In the case of an inhomogeneous dipolar and quadrupolar broadening the line shape g(co) of the NMR wide line signal of nuclei with spin /> 1/2 can be written as 1
(1) m = -1
Here gr>(co) is the normalized distribution function of the dipolar frequencies, <7Q w) (CO) is the corresponding function of the quadrupolar frequencies depending on state m, cm is the relative transition probability m -m + 1
and * stands for the convolution operation.
The corresponding expression for the line shape of a spin echo signal after a nj2 -x -ß pulse sequence is given by 7
E(t)=2CM(ß)-D(t)-QM(t)
(2) In first order perturbation, the quadrupole frequency OJQ* (m) for the transition m ->-m + 1 can be expressed as
where Q is the nuclear quadrupole moment, Vzz is Assuming a Gaussian line shape for the dipolar function ^D(co), which is valid to a good approximation in the case of alkalihalide crystals 9 one can write [ cu 2
where A 2 is the dipolar second moment, which can be calculated according to VAN 
Under these assumptions one can calculate the rela- 
E(tE)=hq(I),
where ÄQ(/) is an optimized parameter 7 .
Results of such a calculation are given in Fig. 1 in the case of I 127 in KJ which is of interest here 
III. Experimental Details
Superpure single crystals of KJ and RbJ (supplied by Dr. K. KORTH, Kiel, Germany) of the size 11 x 22 x 25 mm 3 were deformed by static compression in (100)-direction at room temperature. After deformation every crystal was split into two almost equal pieces which were polished to cylindrical samples of about 8 mm diameter and 20 mm length. Then one of the samples was annealed in isochronic steps, whereas the other was annealed isothermally. Between every annealing step the samples were carefully cooled down to room temperature and the J 127 -signal (wide line and spin echo, respectively) was measured. The NMR measurements were carried out by means of a conventional wide line spectrometer including an automatic controlled twin T-bridge as spin detector and a coherent pulse spectrometer including a signal averager with a time resolution of 1 /usee (Fabri -Tek 1072) as described elsewhere 12 ' 13 . In both cases, the resonant frequency was about 10 MHz. To eliminate long time drifts all measurements were referred to a standardsample measurement and were performed with a constant crystal orientation with respect to the external magnetic field H0 in order to avoid orientation effects. Figure 2 shows an example of isochronal annealing curves of two deformed KJ single crystals given by spin echo measurements (plot a) and wide line measurements (plot b) on J 127 , respectively. With increasing annealing temperature, i. e. decreasing elastic strains in the lattice the wide line parameter fm/fnin increases until it reaches a plateau at 0.257. The plateau is caused by the way one observes the quadrupole effects in a wide line signal, as shown in Fig. 1 rather than a saturation effect in the annealing process. Thus one determines a far too low recovery temperature Tv given by the inflection point of the measured slope, as would be adequate for a saturation effect in the annealing process 2-4 . Consequently, the well annealed sample (500 °C, 24 h) leads to a second increase in the magnitude of the peak intensity in or if the generalized signal parameter 5 (peak intensity /m//w0 and echo width , respectively) is single valued and monotonic:
IV. Results and Discussion
By combining the isothermal and isochronal plots, one can eliminate the unknown coefficient B((e)) which leads to an Arrhenius equation for the activation energy E 6 :
An El El = -k JT" (10) (T\: step annealing temperature, At: step annealing time, Ta: isothermal temperature, At,: time interval which leads to the same recovery step in the signal as the isochronal step at temperature Tj).
Figures 4 and 5 show two examples (wide line and spin echo, respectively) for such a determination of the activation energy E. In both cases the measured recovery curves lead to a straight line in the Arrhenius plot from which the energy E may be evaluated.
The results of all measurements (including the wide line measurement on KJ 127 given by OTSUKA 3 ) are represented in Fig. 6 . The picture shows that both types of measurements lead to the same activation energy for both types of crystals. The magnitude of the activation energy depends on the degree of plastic deformation, i. e. the recovery is not determined by a single activation process.
As found experimentally by DAVIDGE and PRATT 5 there is only a little change in the number of dislocations at annealing temperatures T <400 °C. Then, the dislocations are rather rearranged in roughly parallel dislocation walls (polygonisation process predicted by CAHN 15 ), whereas at T > 400 C the number of walls is pretty much reduced and a subgrain structure develops.
In the case of a recovery process by polygonisation the dislocations will move by climbing in order to reduce the elastic energy. The climbing mechanism leads to an anealing process which is governed by Eq. For £ ^ 15% the measured value £' = 0.68eV is in agreement with the migration energy of positive ion vacancies in KJ (£mv = 0.65 eV), which can be evaluated from the extrinsic part of the measurements given in Ref. 17 . On the other hand, the migration energy of ion vacancies in RbCl and RbBr is of the same order of magnitude as in KCl and KBr 17 ' 18 . This leads to the conclusion that the migration energy of positive ion vacancies is of the same order as in KJ. In this region of deformation
